Key words: advanced glycation end product; continuBackground. Ultra-filtration failure is a serious com-ous ambulatory peritoneal dialysis; peritoneal fibrosis; plication of long-term continuous ambulatory periton-ultra-filtration failure; vascular changes eal dialysis (CAPD). This complication is related to histological changes of the peritoneum, i.e. severe interstitial fibrosis and microvascular sclerosis. Although their pathogenesis has not been elucidated yet, advanced glycation end products (AGEs) have Introduction been shown to accumulate in the peritoneal tissue of CAPD patients.
been shown to accumulate in the peritoneal tissue of CAPD patients.
Advanced glycation end products (AGEs) are formed Methods. Peritoneal biopsy specimens from 14 CAPD by a non-enzymatic reaction between reduced sugar patients with low ultra-filtration (n=9) and high ultra-and protein, known as the Maillard reaction [1, 2] . filtration (n=5) capacity were immunohistochemically AGEs accumulate on serum proteins and various tissue investigated using a monoclonal antibody against AGEs proteins in patients with diabetes mellitus (DM ), sug-(6D12). The severity of peritoneal fibrosis, microvascu-gesting that they play a role in the pathogenesis of lar sclerosis and intensity of AGE accumulation were diabetic complications [3] [4] [5] [6] . Recently, several reports semi-quantitatively evaluated. Peritoneal ultra-filtration have disclosed AGE accumulation in sera and tissues capacity was evaluated by calculating daily ultraof chronic renal failure (CRF ) patients, irrespective of filtration volume per body weight ( UFV/BW ) and D/D 0 the presence or absence of DM [7] [8] [9] [10] . In CRF (glucose) of the peritoneal equilibration test.
patients, AGEs are formed due to high oxidative stress Results. In all patients with low ultra-filtration, AGE associated with the uraemic state [11] . The high conaccumulated in the peritoneal fibrous tissue and microcentration of glucose in the peritoneal dialysate of vascular walls. Remarkably, AGE accumulated more continuous ambulatory peritoneal dialysis (CAPD) intensely in hyalinized fibrosis of small venular media.
patients has been shown to facilitate AGE formation Extent of AGE accumulation in peritoneal interstitium in the peritoneal membrane [9, 12] . and vascular walls correlated with the progression
We recently described the marked peritoneal vascular of interstitial fibrosis (r=0.727, P=0.0088) and vaschanges in CAPD patients with ultra-filtration failure, cular sclerosis (r=0.915, P=0.001) . UFV/BW was ini.e. severe fibrosis and hyalinization of the media of versely correlated to interstitial fibrosis (r=-0.660, small venules [13] . The present study was designed to P=0.0174), microvascular sclerosis (r=-0.671, evaluate the contribution of AGE in the development P=0.0155) and microvascular AGE accumulation of peritoneal lesions associated with ultra-filtration (r=-0.678, P=0.0145).
failure. Semi-quantitative analysis disclosed that the Conclusions. In CAPD patients, AGE formation in severity of peritoneal changes were positively correlated the peritoneum correlates with the development of with the grade of AGE accumulation. Furthermore, severe interstitial fibrosis and microvascular sclerosis, which is associated clinically with impaired peritoneal an inverse relationship between peritoneal ultraultra-filtration. filtration capacity represented by daily ultra-filtration volume per body weight ( UFV/BW ) and histological changes was also observed. In addition, the pathogenCorrespondence and offprint requests to: Kazuho Honda, MD, esis of AGE related peritoneal changes, especially
at start, D at 4 h) and the ratio of plasma and dialysate creatinine concentration, P/D Fourteen patients who interrupted their CAPD treatment (P, plasma; D, dialysate) were calculated, which are indicative were examined. The reasons of CAPD interruption were of ultra-filtration capacity and the permeability of low ultra-filtration failure (four cases), peritonitis (four cases), molecular weight solutes, respectively. Daily ultra-filtration cerebrovascular disease (three cases), spinal injury (one case), UFV/BW and D/D 0 of PET were used as indicators of destructive spondyloarthropathy (one case) and electrolyte peritoneal ultra-filtration capacity. The relationship between disturbance (one case). All patients provided informed con-UFV/BW and D/D 0 was also analysed. Furthermore, we sent to participate in this study which was approved by the compared the clinical data of low and high UF groups. regional scientific ethics committee. Four patients (patient no. 2, 4, 9 and 14) were identical to the patients in our previous study [13] . The clinical data of the patients are Histological and immunohistochemical methods summarized in Table 1 . The mean age of the patients was 50.9 years (range 23-66 years) and the mean duration of Parietal peritoneum specimens were obtained during surgery CAPD was 77.6 months (range 16-144 months). The primary to remove the catheter. The peritoneal tissues were fixed with renal disease of all patients was chronic glomerulonephritis. 10% phosphate-buffered formalin (pH 7.2), embedded in paraffin and cut into 4 mm sections and then stained with haematoxylin & eosin and Mallory-Azan for light micro-
Clinical evaluation of peritoneal ultra-filtration capacity
scopy. For the immunohistochemical study, paraffin sections on glass slides coated with gelatin were stained with a Among 14 patients, nine had ultra-filtration loss which we defined as a reduced ultra-filtration volume less than peroxidase-labelled streptoavidin-biotin staining kit (DAKO Co., CA, USA). The primary antibodies were monoclonal 800 ml/day, although high osmolar dialysate, 2.5% Dianiel (Baxter) or Perisate 400 (Japan Medical Supply), was used anti-CML antibody (6D12) [15, 16 ] . Replacement of the primary antibodies with irrelevant anti-mouse IgG antibodies more than twice a day. These nine patients composed the low ultra-filtration ( low UF ) group and the other five served as control. K. Honda et al. 1544 alterations scores between low UF and high UF groups. The
Histological and immunohistochemical grading
Spearman rank correlation test was used to analyse the correlation between the grading results of histological and A semi-quantitative system was used to grade the extent of interstitial and vascular fibrosis involving the peritoneum. immunohistochemical findings and between the peritoneal Interstitial fibrosis was divided into four grades: grade 0, no alterations and ultra-filtration capacity. Significance was interstitial fibrosis; grade 1, mild interstitial fibrosis; grade 2, taken as P<0.05 in all analyses. moderate interstitial fibrosis with thickening of the peritoneum; and grade 3, severe interstitial fibrosis with marked thickening of the peritoneum ( Figure 1A-D) . Microvascular change was also divided into four grades: grade 0, no vascular abnormality; grade 1, mild perivascular fibrosis without Results stenosis of the lumen; grade 2, moderate perivascular fibrosis and thickening of the vascular wall with mild to moderate Clinical evaluation of peritoneal ultra-filtration capacity stenosis of the lumen; and grade 3, severe perivascular fibrosis with marked stenosis or occlusion of the lumen Clinical profiles of the patients are shown in Table 1 (Figure 2A-D) . AGE accumulation in the interstitium and and the differences in peritoneal ultra-filtration capacvasculature was evaluated by the same semi-quantitative ity between high and low UF groups are shown in grading system: grade 0, no AGE accumulation; grade 1, Table 2 . The daily ultra-filtration volume was 544±246 mild; grade 2, moderate; and grade 3, severe AGE accumulaml/day in the low UF group and 1380±249 ml/day in tion in interstitium ( Figure 3A-D) and vasculature ( Figure 4A-D) . We assessed correlations between histological the high UF group (P<0.0001). UFV/BW was changes and AGE accumulation and between the patholo-9.18±4.02 ml/kg and 22.9±2.13 ml/kg in the low and gical changes and the peritoneal ultra-filtration capacity high UF groups, respectively (P<0. P=0.0088) ( Figure 5A ), and the extent of vascular D/D0, ratio of dialysate glucose concentration at start and 4 h; D/P, ratio of dialysate and plasma creatinine concentration at 4 h; n.s., sclerosis correlated with that of vascular AGE accumunot significant.
lation (r=0.915, P=0.001) ( Figure 5B ).
Correlation between the peritoneal histological changes Grading of histological changes and AGE accumulation and the ultra-filtration capacity in the peritoneum
Using UFV/BW as an indicator of peritoneal ultraThe grading of interstitial fibrosis, microvascular sclerfiltration capacity, the relationship between the periosis, interstitial AGE accumulation and microvascular toneal histological changes and peritoneal ultra-AGE accumulation in the peritoneum are listed in filtration capacity were analysed ( Figure 6A-D) . The Table 1 . The advanced grade of interstitial fibrosis grade of peritoneal interstitial fibrosis was inversely (grade 1-3) was present more often in the patients correlated to UFV/BW (r=-0.660, P=0.0174) with low UF than in those with high UF who showed ( Figure 6A ), although the interstitial AGE accumulamild interstitial fibrosis (grade 0-2). Similarly, the tion was not significantly correlated to UFV/BW advanced grade of microvascular sclerosis (grade 1-3) ( Figure 6B ). On the other hand, the grade of microvaswas more frequent in the low UF patients than those with high UF who had no abnormality or mild degree of microvascular sclerosis (grade 0-2). Immunohistochemical examination using monoclonal anti-AGE antibody (6D12) revealed AGE accumulation in the interstitium ( Figure 3 ) and in the microvascular wall ( Figure 4) . AGE staining in the interstitial fibrosis was observed in all of the CAPD patients, although the extent of staining was variable. The patients with low UF showed intense AGE accumulation in the lesions of severe interstitial fibrosis ( Figure 3C and D), whereas those with high UF showed AGE accumulation only in limited areas ( Figure 3B ). AGE also accumulated in the peritoneal vascular walls which were affected by sclerosis ( Figure 4B-D) , whereas no AGE accumulated in the microvessels without sclerosis (grade 0) ( Figure 4A ). The AGE accumulation in the vascular wall became more intense as the vascular sclerosis became more severe (Figure 4B-D) . The comparison of the grading score of histological alterations and AGE accumulation is shown in Table 3 . The grades of peritoneal interstitial fibrosis, microvascular AGE accumulation were significantly more advanced in the low UF group than in the high UF group, whereas the grade of interstitial AGE accumulation was not significantly different. with that of interstitial AGE accumulation (r=0.727, cular sclerosis was inversely correlated to UFV/BW vasculature are similar to those associated with diabetic microangiopathy, we examined AGE accumulation in (r=-0.671, P=0.0155) ( Figure 6C ), and the grade of microvascular AGE accumulation was inversely correl-the peritoneal tissue to elucidate the contribution of AGE in the characteristic peritoneal alterations ated to UFI (r=-0.678, P=0.0145) ( Figure 6D ). D/D 0 (glucose) of PET did not significantly correlate observed in CAPD patients. In the present study, AGE was broadly accumulated in the peritoneal interstitium with the grade of histological changes and AGE accumulation (figures not shown).
Correlation between the histological changes and AGE accumulation
in all patients and the progression of interstitial fibrosis correlated positively with the extent of AGE accumulation (Figures 3 and 5A ). On the other hand, AGE
